The result of a search for the electric dipole moment of the neutron is presented. A short review of past experimental work and theoretical predictions introduces a discussion of the experimental method used in, and the results obtained by, the present work. The weighted mean of three separate groups of data gives (+0.4 + 1.5) X 10 " cm for the neutron's electric dipole moment. We conclude that the electric dipole moment is less than 3 X 10 " cm.
I. INTRODUCTION
The work reported herein is the continuation of a long line of experiments designed to detect or set an upper limit on the electric dipole moment (EDM) of the neutron. The first investigation in this series was in response to a short note by Purcell and Ramsey' in Lee and Yang' in 1956 proposing parity violation as a possible explanation of the 76 puzzle (a, then-current anomaly in the K mesons) with the testable consequences of spatial asymmetry in P decay, m-p. -e decay, and hyperon decay as well as the possible existence of EDM's for elementary particles.
Even as the experiments verifying these predictions were under way, ' ' Weyl's long-dormant theory of the neutrino was revived by Landau, ' and independently developed by Lee and Yang' and Salam. " Landau also revived the earlier notion of Wick, Wightman, and Wigner" of "combined parity" or CP as being the "exact symmetry law, "
where C stands for charge conjugation. C and P separately were then only approximately valid.
These developments resulted in a clear path for the universal V-A theory of the weak interaction which was put on firm experimental grounds by Allen et al. "
The understanding of the nature of the violation of the parity symmetry thus brought about a certain completeness and maturity to the theory of weak interactions, one of the most successful theories of modern physics. The 76 puzzle appeared to be, in essense, solved; and the kaon system seemed to be understood from a theoretical viewpoint. As in any fruitful theory, new avenues of investigation opened up: Lee, Oehme and Yang" proceeded to discuss the possible noninvariance of charge conjugation (which, by implication, is violated in those processes violating P) and time reversal (T), and Landau' and Zel'dovich" pointed out that the time symmetry prohibits elementary particles from exhibiting EDM's. This prohibition is due to the spin being reversed by T, whereas the electric field, whose sources are static charges, its unchanged, Ramsey" then pointed out that the validity of all symmetry arguments must rest upon experiment and that a search for a neutron electric dipole moment provided a particularly sensitive test of T. Garwin and Lederman" discussed the basic ideas involved and presented the results of a search for the EDM of the electron.
Following the analysis of P decay by Jackson, 15 DRESS, MILLER, PEWDLEBURY, PERRI5, A5D RAMSEY Treiman, and %yld, '7 there were a number of tests of 7 in P decay, " "with the latest and most sensitive by Steinberg, Liaud, mignon, and used portion of the 3-cm~20-em beam coming from the cold source (a 30-cm-diameter sphere of liquid deuterium placed next to the core of the high-flux reactor, ILL). Again, because of the high counting rate, a proportional counter could not be used, so the monitor could not be placed at the polarizing mirror due to the high magnetic field which would render the phototube inoperable. Thus the monitored neutrons did sot originate in the same part of the cold source as did the neutxons passing through the spectrometer. The results of a test of the variation of the detected neutrons passing through the spectrometer to the monitored beam did not show any deviation from that expected from statistics except when the reactor changed power by significant amounts.
The turntable, a converted naval gun mount, provided the mechanical support for the spectrometer and its double magnetic shields. Figure 2 shows the assembly of the spectrometer, mounting presumed instaneous resonant frequency which has high-and low-frequency components (noise, short-term instabilities, and temperature drifts). The bottom curve represents the HV cycle starting off with the HV at zero, showing the linear rise in HV turning into the logarithmic approach to the operating value (the horizontal portion between the two pairs of dotted lines). The "square wave" represents the modulation of the phase difference between the two rf coils from +90 to -90 (a 12-msec dead-time at the end of each phase reversal is not shown). The straight lines through the frequency curve represent the least-squares-fitted line during the measurement periods, and indicate the extrapolation to equal times (midway in the switching cycle). In order to reduce this shunting effect, the switching mechanisms mere shielded with mumetal, the switch tanks themselves were moved several meters away from the spectrometer, and the HV cables to the electx'ostatic plates were periodically reversed by disconnecting them close enough to the points where they passed through the magnetic shields into the spectrometex so that any switching effect taking place outside the spectrometer shields mould have its sign reversed and could be measured and removed from the EDM signal.
The final effect studied was due to the electrostatic force between the electxic-field plates. Such a force mould compress the quartz spacers defining the magnet gap and distort the magnetic pole faces slightly. Since this force is quadratic in V, the applied voltage, a reversal of the electric field mould not change the resonant frequency.
However, not all of the data points had the same HV due to the need for HV optimization, so the resonant frequency could differ between points of unequal HV, reflecting different dimensions of the gap between the magnetic pole faces. The magnitude of this effect mas easily obtainable from the data taken with a measurement at zero electric field between each field-up measurement.
Thus the data could be paired as a + or -HV point minus its corresponding zero HV point to give the frefluency shift due to the V' effect. At 100-kV/cm field, the frequency shiftmas about 4.5 mHz, and corresponds to change of the magnetic gap given by 8, where 5= (44.0+ 0.7) x10 ' Hz/kV '. This size of effect is entirely accounted for by the compressibility of the quartz spacers shown in Fig. 2 . Such behavior could introduce a bias in the results if there were preferential sparking (and hence a lowering of the HV) on one particular polarity over a long period of data collection. However, knowledge of 8 allows a correction to be made. Since a datum point containing a spark mas rejected, the only change in HV from point to point allowed to remain in the data was a 1-kV change which means a correction of only 0.09 mHz, and was easy to effect during the final data reduction.
There remain tmo possible systematic effects whose presence we mere unable to rule out entirely. The first is related to the V' effect in that a difference in impedence to leakage currents through the HV system could, upon HV reversal, mean that the positive and negative values of the electric field were not equal in magnitude. The second effect is possible influence of magnetic fields due to leakage currents inside the spectrometer (along the insulators supporting the electrostatic plates, for example). A limit can be placed on both these effects by observing the current measured by meters placed in the primary circuit of the HV supplies. This current has a magnitude corresponding to about 20 p, A, and varied about 10% upon reversal of the electric field. From the value of S given in Eqs. (5) and (4) and the internal impedence of the HV supplies, the estimated influence on the EDM mas less than 6X10 "cm.
Similarly, the influence due to curxents inside the spectrometer can be estimated to be lower than about 5x10 " em, since all of the current except for perhaps 1 or 2 p, A was determined to be leakage outside the spectrometer, and the primary direction of any leakage currents would give rise to magnetic fields perpendicular to Bo, as may be seen from the geometry of the interior of the spectrometer.
IV. DM'A AND RESULTS
Each 200-sec datum point was written on a magnetic tape in sequential order. Interspersed with the data mere temperature measurements with the corresponding times taken about every 30 minutes by means of a quartz thermometer whose probe mas placed inside the spectrometer adjacent to one of the permanent magnets. A recorded datum point consisted of the slope and intexeept of the least-squares fit of the 100 pha e-reversed pairs of frequency measurements; the internal error (deviation of the 100 pairs from the fitted straight line); the stability, which is the ratio of the internal error to the external error (that expected on the basis of error propagation from counting statistics); the value of electric field; the magnetometer reading; an experiment-status word; and the number of sparks during that point. Each day's result was then analyzed by a central cornputer (PDP-10). The basic scheme of analysis was to consider a string of n points, form partial means and errors, then combine the strings to give a result for that day's run. The number, n, varied from 4 to several hundred depending on how long a sequence of points could be found which did not violate one of the selection criteria. A point was deemed acceptable if (1) it had no spark, (2) the magnetometer reading was normal, (3) the experiment-status word was normal, (4) 
